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INVESTIGATION INTO THE ADVISABILITY OF SUBSTI- 
TUTING AGAR FOR GELATINE AS A MEDIUM FOR 
THE DETERMINATION OF BACTERIAL 
COUNTS IN WATER ANALYSIS 

By W. U. C. Baton 

In the revision of the standard methods of water analysis, the com- 
mittee of the American Public Health Association which had this work 
in charge made a most radical recommendation in regard to bac- 
terial counts. This revision was published in 1912 and the following 
is quoted from this edition, pages 77 and 78: 

In the present state of bacteriology there is no method known by which the 
absolute number of living bacteria in a sample of water can be determined, and 
all quantitative determinations of bacteria are necessarily of a relative charac- 
ter. This being the case, strict adherence to a standard procedure is of es- 
pecial importance. . . . 

Quantitative bacterial determinations are of especial value as affording 
the best index of the efficiency of nitration 

Since gelatine does not give the total number of bacteria in the water, the 
committee has thought it wise to use Agar incubated at 37° C. as a standard 
medium. This admits of counts in one day instead of two and give results on 
the kind of bacteria growing at blood temperature and therefore nearly related 
to pathogenic types. 

The standard medium for determining the number of bacteria in water shall 
be nutrient agar. All variations from this shall be considered special media. 

There can be no doubt as to the stand of the committee. By this 
report gelatine is absolutely discarded for use in determining the 
number of bacteria in water. The writer was completely astounded 
by this extremely radical change. It evidently, judging from adverse 
expressions which have come to me, affected many others in a similar 
manner. 

A protest has been made against this in a vigorous manner by 
various men interested. Whipple reports (American Journal of 
Public Health 1913, Vol. 3, No. 1) that a letter of inquiry to twenty 
leading filter operators brought eighteen replies. A large majority of 
these either preferred the gelatine or withheld a statement of opinion 
until they had given the two media a trial side by side. 
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12 W. U. C. BATON 

It is consoling that the laboratory section of the American Public 
Health Association passed a resolution at the 1912 meeting advising 
the use of both gelatine and agar and encouraged the gathering of 
data on which to base a conservative opinion before making so radical 
a move as proposed by the committee. 

As soon as the published report of the committee came to the 
writer's attention, he at once began to plan the acquiring of data 
either to justify or disprove the wisdom of the change. He could 
not conscientiously accept it without a local investigation. The 
results obtained will prove the wisdom of this apparent distrust and 
perhaps ultra conservatism. 

The writer's previous experiences with agar for the determination 
of the number of bacteria in water had not been very encouraging. 
Previous to this time he had always worked with neutral 1.5 per 
cent agar with or without sugar and litmus. The agar recommended 
by the committee was different and therein was a possibility that 
perhaps his adverse opinions were ill conceived. 

The work of investigation was outlined as follows: 

Four of our routine sampling points were selected for the compara- 
tive tests. These represent the waters we have under control. 
These waters are designated in the tabulations as Class A water, 
Class B water, Class C water and Class D water. 

The frequency of positive tests for coli, also shown in Tables 1 to 4, 
inclusive, will give an idea of the relative sanitary character of the 
waters. 

The gelatine medium used was made in accordance with standard 
procedure. The percentage of gelatine was corrected for moisture. 
The agar medium used was that recommended in the 1912 edition of 
Standard Methods. This was made up on the basis of dry agar. 
The gelatine plates were incubated at 20° Centigrade for forty-eight 
hours. The agar plates were incubated at 37.5° C. for twenty-four 
hours. Porous covers were used on all agar plates. 

The work was begun in October, 1912, and has been continued to 
the present time. In all some 1898 samples are tabulated. The 
data submitted extends over a period of sixteen months to February 
1, 1914. 

Tabulations 1 to 4, inclusive, show monthly averages for the various 
classes of water previously enumerated. These averages have been 
further distributed by averaging together only those samples having 
the same result on the Colon test. In each of these tables, each 
successive column is indicated as a water of a lower sanitary grade. 
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It is a fact as stated by the committee that there is no method 
known by which we can get a quantitative estimation of all the liv- 
ing bacteria in a sample. Doubtless a large number of the bacteria 
which grow at 37 . 5° C. are closely related to the pathogenic types. 
That this number is large enough in proportion to cause a definite 
fluctuation in count directly comparable to the sanitary quality of 
the water was a question about which the writer was very skeptical. 
It was this sincere doubt together with lack of definite information 
on the interpretation of results from agar at 37 . 5° C. that made him 
hesitate to discard, point blank, the gelatine method with which 
he had had years of experience for the agar method with which he 
had had only unsatisfactory experience and which had apparently so 
little data behind it. 

We knew not what it really meant in terms of gelatine or coli for 
general analytical work. We were further ignorant of its real value 
in the estimation of purification efficiency. If you should get 100 
per cent removal, what does it mean? It means undoubtedly a 
zero count on the purified water and that appears good. On the 
other hand, suppose you have a calculated reduction of 80 per cent; 
does that mean the purified water was high or the raw water low? 
It does not necessarily mean low efficiency as efficiency should be 
reckoned. 

All who are familiar with purification works know well that a state- 
ment of the percentage removal is about as useless a thing as anyone 
ever took time to calculate. Actual and comparable counts of the 
before and after treatment are the only figures upon which we can 
place any dependence. Even these are very insufficient when it 
comes to passing final judgment on the value of the water from a 
sanitary standpoint. 

The Colon group of organisms is, at present, the best indication 
we have of the sanitary condition of the water. Since this is true, 
the writer took the results of the Colon test as the basic measure in 
studying the relative value of agar and gelatine counts. All data 
is presented with this idea in view. It should be stated, however, 
that the factors affecting bacterial flora in any surface water are many. 
Temperature, seasonal, climatic, topography, geology and arability 
of the water shed are among the usually most important. In the 
case of the western Pennsylvania water, we may add industrial and 
trades wastes and the acid streams of the mine regions and the result 
brought about by a conglomerate mixing of these with an uncertain 
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alkalinity from limestone sections. This brings us to a point where 
we are ready to discuss the data presented. 

A study of Tables 1 to 4, inclusive, brings out no definite relation 
between the gelatine and coli, the agar and coli or the gelatine and 
agar. Of course there are certain apparent relations, but they show 
more exceptions than rules. They vary seasonally and they vary 
with the classes of water. It is not in the least surprising that this 
should be so. 

In Table 5 the true averages for the entire sixteen months, for the 
various classes of water, and coli, conditions are given. If any 
useful relation exists it should be here. In all of these tabulations, 
the writer believes that the choice is for the gelatine rather than the 
agar. 

Tables 6 and 7 go a step further and give the ratio of agar to gela- 
tine for each class of water and coli condition. In addition the 
average monthly temperature of the water is given. It is here that 
there is a marked relation. 

In general, the high ratios go with the high temperatures and the 
low ratios with the low temperatures. This may be partly explained 
by the fact that in the other tables the agar and gelatine counts 
fluctuate in opposite direction in respect to temperature. 

That the gelatine counts go up as high as shown in cold weather is 
due in no small way to the existence of low temperature organisms of 
soil origin. On the other hand, the agar count naturally falls off 
in the cold weather and goes up in warm weather. It does not 
follow however that the agar count is higher at the period of highest 
concentration of pollution, in fact, the data show that it is not. 

It is a well known and accepted fact that there are many 37° 
bacteria in soil that have no sanitary significance. The data here 
presented bear this out. 

Low agar counts on effluents at filter plants in cold weather, would 
indicate improved working conditions, yet every one knows that 
such is never the case. 

The data presented is perfectly frank in withholding any definite 
relationship but does show a good seasonal variation. The writer 
sees no necessity for his further discussion of this data at this time. 
However, there are certain other points concerning the question of 
replacement of the gelatine by the agar count which should be taken 
up. 
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There is practically no difference in the ease or difficulty with which 
the two media are made up. The one has no advantage over the 
other. The agar at 37° C. has an apparent advantage in that it will 
give a count at the end of twenty-four hours. On the other hand, 
it has the disadvantage of giving many lost results due to trouble- 
some spreaders even with the porous cover dishes. The writer finds 
that the loss by liquefying of the gelatine plates is practically nil, 
hence the results on gelatine, while they take longer, are more certain. 

It has been the writer's experience that the gelatine count will 
frequently indicate conditions which would never be shown by the 
agar 37° count alone. Such conditions as an abnormal fluctuation 
in a reservoir, breaks or other abnormal drafts on pipe lines, abnor- 
mal growths in filter underdrains, springs and wells sensitive to local 
rains through shallow drainage and other similar problems which 
many have doubtless encountered. These may not have an imme- 
diate direct bearing on the public health, yet they are conditions 
which we wish to detect. 

We are not getting full efficiency from our bacteriological tests 
unless we do. The agar 37° count in connection with the gelatine of- 
ten emphasizes these conditions but many of them it would never 
detect alone. Furthermore, the agar 37° count on the better class of 
waters is so low that it would take considerable audacity to say that 
there was a different interpretation to be placed on a fluctuation of 
5 or 10 per cubic centimeter. 

One hundred per cubic centimeter or less on gelatine at 20° is the 
often quoted German standard for good water This is no doubt 
reasonably correct, yet we have seen waters with this low count which 
were still suspicious. On the other hand, we have seen waters with 
higher counts which we felt were reasonably good. 

The agar 37° count which corresponds to this is probably some- 
where between and 100, but where? The writer has not the 
courage to fix the standard from any data in his possession. In 
fact the more he studies bacteriological data the more convinced is 
he that the setting of fixed standards is poor policy. Results should 
be interpreted from knowledge of all related conditions by a man 
of experience in these matters. 

Take Tables 3 and 4, the gelatine shows a markedly wider range of 
fluctuation and consequently is a much better indicator of working 
conditions. On the other hand, the agar has no advantage as an 
indicator of sanitary conditions. 
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In conclusion, the writer wishes to add his word of protest against 
the replacement of gelatine 20° C. counts with agar 37° C. counts as 
standard procedure in water analysis. If it is possible to make only- 
one count the gelatine should be used as it is more reliable and ser- 
vicable. 

If possible, both gelatine counts at 20° C. and agar at 37° C. should 
be made as it gives to the experienced man more data for his diagnosis 
and points will often be brought out more completely when we have 
the two counts. 

The value of the two counts over the one will be constantly increas- 
ing as we become better acquainted with interpretation of such 
results. 



